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UESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions :
There are EIGHT questions divided in Two Sections and printed both in HINDI and in ENGLISH.
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and § are compulsory and out of the remaining, THREE are to be attempted choosing at
least ONE from each section. :

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which nmust be stated clearly
on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No marks will be given
for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.

Unless and otherwise indicated, symbols and notations carry their usual standard meaning.

Attempts of questions shall be counted in chronological order. Unless struck off. attempt of a question shall
be counted even if attempted partly. Any page or portion of the page left blank in the answer book must
be clearly struck off.
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SECTION—A
Q. 1(a) rrﬁ.' srwsﬁ AT B& Ry, P(A) > 0 3 P(B)> 08, & 3wfzy & P(A | B) > P(A),
: 7R} 3R Fad IR P(B | A) > P(B). T eI, P(A|B)<p(A)u&aﬁr$aarr&:
P(B | A) < P(B). : .
If for the events A and B, P(A) > 0 and P(B) > 0 then show that P(A|B) > P(A), if and
“only if P(B | A) > P(B). Likewise, P(A | B) < P(A), if and only if P(B | A) < P(B).
| - 10

Q.1(b)mﬁlzmswmmﬁ%@gq%:mmﬁmﬁmw%%ma_
FH T AP U I wWA YT B ?

Three digits 1, 2 and 3 are written down in random order. What is the probability that at

_ least one digit will occupy its proper place ? 10
Q. 1(c) uR N(u, 4) ¥ wr I wRedl -5,0,2, 158, & p & fag o 95% fwarga siqua
AT |
Construct a 95% conﬁdence interval for p in N(u,. 4) from the following observed
sample : -5, 0, 2, 15. 10
Q. 1(d) AT Al B X, R X, T wwr de (amg ang &) %mﬁwms’r ﬁfmmﬁw
HAacd w49 '

f(x;G):% exp[—%), x20, 050

= (0, I=aal

afe U;=0.6X1 +0.4 X, R U, = X, +X,, f%rvh#rm B U U,ﬁ i A
w0 & fou uufw uiyeefsr 2

7R h(u,y) = E(U; | ), T <@fze & heu) 1 7601 U, & 3@ § e )

Let X, and X, be i.i.d. random variables and each has probability density function
f(x; B)-—-—- exp[ OJ x20, 6>0

= (), otherwise.

If U, = 0.6 X, +0.4 X, and U, =X, +X,, decide which one of U, and U, are sufficient
statistics for 0.

If h(u,) = E(U, | u,), then show that it has smaller variance compared to Var(U;). 10
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Q. 1(e)

Q. 2a)

Q. 2(b)

@‘ﬁﬁm‘ﬂﬁiﬁﬁﬁqﬁﬁmglm*_w%mm,%m
F 7R ¥ Prafifae aws €

&) quaw | qF | FAmer | geed | oAl wE | AW

il W AT 22 |12 18 10 20 18 30

aoe TEeE A aRwer 3 AR of ad @ wrad ¥ oo am wewl woag
y i 1:2:1:2:2:3% @ MEewT N 5% wHEw W W THET RN
(T Xg. 05 = 12:59)

A tourist resort is visited by tourists from many countries. The resort operator has the
following data in the month of January, 2014 :

Country USA |UK | Canada| Italy | Germany | France| Japan

No. of tourists 22 12 18 10 20 18 30

The resort operator has a hypothesis that the proportion of tourists visiting in the month
of January of any yearis 2 :1:2:1: 2 : 2 : 3. Test this hypothesis at 5% level of
significance (Given xZ. ¢ o5 = 12.59). 10

R o ugRes WX X ®1 TR g
£,(x) = 630x4(1 — x)%, 0 <x< 1,
=0, Sl

ﬁaﬁmmﬁmﬁmmaﬁﬁqﬁixmwsﬂ?amﬁwﬁ(pizc)%m
mmmgﬁm%ﬁﬁammmﬁwqﬁma%ﬁaﬁm|

The probability density function of a random variable X is given by
£, (x) = 630x*(1 - x)* for 0 <x <1, '
=0, otherwise.

Find the probability that X will take on a value within two standard deviations of the
mean (p + 20) and compare it with the lower bound provided by the Chebychev’s Inequality.
20

T aX X R mRF w9 wTd

X
fx(x;}\_)z.e “I!—, x>0

= 0, 3=

g, @ sy &

P {0<X<2(;k+1)}>——71— am,
v A+1

qE A2 0T e B
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For a random variable X with probability density _funciion
, N :
fy(r)=e™ -%forx>0,
% 0, otherwise;

where A 2 0 is. an integer, show that

P {0<X<2(x+1)}>—%I | | 15
Q. 2(c) TH UHl (die) H 15 I IoTN wr 2 Fmw PR whomm v By ¥
| AE W ] 2 3 4 5 6
SR () 1 4 0 4 6
S8 AT B agar 7 g ﬁmm%mﬁwwmmm
PR (R 3 Dy 05 = 0.304)
A die is rolled 15 times with the following results :
Face value 1 2 3 4 5 6
Frequency  : 0 1 4 0 4 6 _ ,
Use Kolmogorov-Smirnov statistic to test whether the die is uribiase_:d or not. (Given
D]5 0.05 = 0.304) ‘ - _ - 15
Q.3() W1 AR & o & T A nwd @ whew oW <@ 2 IR w e @ 0
| S T W 29 §F 5 or AR fwa T & oig) e R seq @ e
F0 gY Red ey daasm o 8, 03 R sRww gt smwed T BwRT R
CWE P(X 2 1) F Al AR R @y g 9@ weg ¥ fhee eanw (framrx
SHHTT) W AR MR qeisy B oames sl e €
Suppose n items are put on test simultaneously and the test is continued until r itemsr fail.
Assuming an exponential failure distribution with mean life time 0, obtain the maximum
likelihood estimator for © and hence estimate P(X > t). Also obtain the Fisher information
- about the parameter 6 and show that the estimator is asymptotically normal. 20
Q. 3(b) AT TR X ~ N (u, 1) X p 91 & sz N (0, 1) 81 affa 7 &1y v & wewm
' FW R, ¥ MU &9 ymees T ARG wR @ 39 SR | aa i
Let X ~ N (u, 1) and the prior distribution of p is N (0, 1). Assuming squared error loss
function, obtain the Bayes estimator for p. Also obtain Bayes risk. _ 15
Q. 3(c) ugRT® WA F T FLEA N WhEw § afERw G deT ¥ aPmor @ qReni
FC | qEisy B Al X #1 X F wifiwar ¥ s & & e & f &y wwn wwe
e oft w 2?7
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Define convergence in probability and convergence in distribution of a sequence of random

variables. Show that convergence of X_to X in probability implies convergence of X to

X in distribution. Is the converse also true ? - 15
Q. 4(@) HA AT X, Xp worvreeees , X, T @A 927 U0, 8) ¥ T U wighes wiiae |
Hy: 0= 6y, H,: 00, ® Thew & R 319 o 71 T THATa: T T8 (UMP)
T UTd BT |
Let X, X5, woeeneen. , X, bea random .sample drawn from a uniform U(0, 0) distribution.
4 Obtain a, UMP test of size o for testing Hy : 8 = 6 against H  : 0 = 0, 20
i Q. 4(v) Preffm whomit A frg AR ;-
ﬁ (i) It R LA T (SPRT) BH¥M Wiwal TF & W §HG AT 2 |
1 i . il
" (i) SPRTH Z=log Wt P Z|>0H} >0, fa sifvrg
{ f(x\HO) _ |
S “ . &
: E,, (N Mo Ny =1 95 Sy=2 2.

i=1
Prove the following results :

(i) A sequential probability ratio test (SPRT) always terminates with probability one.

f(x|H '
() For s SPRT with Z=log 12 such thet P,{| 2] > 0 | ) > O, then rove ha
X
0
- ‘ ' N
r S _ _
: - | Eyy (e°N M@ N} =1 when Sy=2,%. | 15

i=1
Q. 4(c) X A Y& yiiawar %A
P(X=x)=(2]px 1-p" *, x=01)n
P(Y=y)=[”‘
r—

& @ g #fT PX 2 1] =P[Y <n]
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Prove that P[X 2 r] = P[Y < n]. : 15
TTH |
SECTION—B
Q 5(a) I Y,Y,, Y, 7 w@dT el ) geemg
E(Y,) = By ~ B + By E(Y,) = By - 28,,
E(Y;) =By + By + B, T V(YD) =0%i=1,23% fig
B A By, By TP, P Rrw A o A e A T w02 F aATG S
T F AR B 7 AT T P ouw ¥ qehd g
- Let Y|, Y,, Y, be three independent observations having expectations
E(Yl),_'_“ By - B, + B, E(Y,) = By - 2529
E(Y;) =By + B, + Byand V(Y) = o2 for i=1,2, 3.
Obtain least square estimates of Bp» B, and B,. Can you obtain unbiased estimate of o2 ?
Justify your claim. . - 10
Q. 50) Wm M n, A R ywETT wARed B P wd & ol 1~ Ny (1, 2) o
| | 18 12 ., |
My ~ Ny (ks 2), W) = [10, 15], p, = [10, 25] aﬁr,z=[12 32J B @R,
7 TEANRE T w1 oRweT A |
If =, and m, denote two bivariate normal populations where 7, ~N, (1}, Z) and
' 18 12 .
Ty ~ N, (1y, I), ', =10, 15], H, =[10,25] and 2=[ 1 1 J Compute the Mahalonobis
~distance between ™, and m,. . 10
Q. 5(c) wAfe 3™ 10 B fu, qwfsw B gReaTT B o gReF yfewuT (SRS) F 5% ‘g1
' .ﬁﬁﬁwmﬁmﬁmﬁwsﬁﬁ%ﬁﬁﬂ%%ﬁafﬁmﬁmﬁwl
gl
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Let the probability function of X and Y be

P(X:x)=[ : Jp" (I-p"*,x=001)n;

| ) )
P(Y=y)=( f-l Jpr (-p) ™ y=tr+],.....



For a population size 10, show that in SRS without replacement the probability of drawing
a specified unit at 5" draw is equal to the probability of drawing it at the first draw.

10

Q. 5(d) w1 Hfm & 5 dswl ¥ wIRum 4 ST WA Th AgeRga s AT
@Err#d) 2 sz F oamdLdh @ifes 2

Consider a RBD with 4 treatments arranged in 5 blocks. Show that RBD is orthogonal.

10

Q. 5(e) T X, X,, X;, X, 3 X ©F T dX wdane afeq aghes aiw @, EEE 12

aiew IR W e £ A, @ Y=X, - X, +X; - X, + X, GeT Wy Fi

Let X, X,, X;, X, and X be independent and identically distributed random vectors with

mean vector y and covariance matrix Z. Find the distribution of Y = X, - X, + X, - X, + X,.

10
Q. 6(2) W AR X ~ N, (u, T), 581
N (M —
Xl Mgl In I
o Mo [T
Xp—q:-cl p'p—q><l 221 222
@ X3 gyl de7 N 9@ AT TR XO = xO R Ay
Let X ~ Np (1, L), where
8y (M
X qul I’qul z11 z:12
| x@ @ [T
Xp-qxl “p—qxl 221 E:22
Obtain the conditional distribution of X() given X® = x(2), 20

Q. 6(b) = e 5 11w F A 44 W@ (o) # ww ghed Red 3 S o @ oW
R T 21 11 M ¥ @ TE ¥ AR wR (7)) g7 T ¥ 3R wEE W (T59)
¥ g wamg wdem weard (§F) ¥ we wAl B dw & Froor @ T ($8) 2000 81 WA
3 e wE ([591) & €9 F Hr #1 SS 8250 B AT T SS 30000 ¥ A wAA
e (ANOVA table) forf&g |

Consider the area under wheat for a sample of 44 clusters selected from 11 different
villages. Four clusters were selected from each of the 11 villages and each cluster consists
of 8 consecutive survey numbers (fields). Here sum of squares (SS) due to between
villages is 2000, SS due to between clusters within villages is 8250 and Total SS is 30000.
Write the ANOVA table. 15
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Q. 6(c)

Q. 7(a)

Q. 7(b)

Q. 7(c)

CDENNZHARBA

wsﬁ@%ﬁﬁﬁaﬁm(mméﬁ)mlwqﬂwaé@wwﬁma _
)| frg A & ofomh Ree, v=b=35r=k= 4 3 A =3 yrae Wied T
s gl wew afwer (S dE) @ |

Construct an LSD of size 5. Delete one coluthn from this LSD. Prove that the resulting

design is a symmetrical BIBD with parameters v ="b =5, 1= k=4andA=3. 15

RfaeT-araT (HT)%W&'mmwmaﬂ#ﬁﬁmm%HTwwﬁz
M W AT dHAF B

'Explain Horvitz-Thomson estimator of the population mean. Show that H-T estimator is -

unbiased estimator of population mean. Also obtain its variance. 20
ﬁzﬁszﬁqﬁnﬁmaﬁﬁqngﬂ%ﬁmﬁ%Wwﬁml

o e v Fed Nz(p,E)ﬁm3ﬂ}Wﬂ1§Pﬁgﬁﬁfﬁ uaﬁt}:%ﬁmﬁfﬁqﬁ
aﬁf%rqamfaq

'trﬁaw—vwﬂo:;_w;_lf(,l]wﬁrwarﬁ%fmﬂm&rwqﬁw:raﬁﬁm

Define Hotelling T2. State»any one of its applications.

A random sample of size 3 from a bivariate normal N,(u, X} distribution gave following
unbiased estimates of u and

SHEI RN

7
Compute T2-statistic to test the hypothesis H) : p = p, = [7] 15

dad JugF SRRl A gAT FOE, 27W§H_W'IW * T & T8

& ST § % WS F Fratn ARG wh wE A g ik s R
% T T TS F AW F gL A W IAE @S wrw
Construct a key block of 27 confounded factorial experiment into a block of size 8 by

choosing suitable interactions only. Write all the independent and generalized confounded

interactions. Further obtain two or more blocks using key block. , - 15



Q. 8(a)

Q. 8(b)

Q. 8(c)

R yEA v=11=b,r=k=53 4 =2% 9 & wgfaa Q! dsF ARFe1 (BIBD)
W w Rong F ¢ FRYE A EH FUEY A AA D FMAC | A,

v(t. -1)izm=1,....,11.
A T |

Consider a BIBD with parameters v =11 =b, r =k = 5 and A = 2. Obtain ¢ matrix of
this design and its non-zero eigen value. Hence obtain

v(i, ~1,),izm=1,....,11. 20

wmﬁw%moasa?fsﬂ'{looasﬁﬁ%@wﬂm?mw%mmsiﬁ%mw
iR vaw P & sER # -

syofy I 1 R G | HF VLR |
Ni YNi G%Vi

REGH 200 40 10

RS 100 50 20

mm%ﬁﬁmﬁwmaﬂ%rngmﬁwwmmmm
Pre@lt ? 3aUg gARe Wigd & see & FE WG A

200 boys and 100 girls of a college appeared in an examination. Means and variances of
their scores are as given below :

Category No. of Students Mean Marks Variance
N Yy, o,
Boys 200 40 10
Girls 100 50 ' 20
How will you draw a random sample of size 30 using proportional allocation ? Hence
obtain the variance of the estimator of the population mean. 15

frg-mfa @ (Y, XB, o) ¥ @ gAa A
X x B=X'Y
3 5@ @ g0 Y Bl 2
() SR wud B g
(ii) Fmﬁﬁaﬁﬁm%aﬂﬁmmm-ﬁmmﬁm%l
In the Gauss-Markov set up (Y, XB, o?l) a least square estimate is given by a solution
of the system :
X'xp=XY
(i) Justify the above statement.

(ii) Establish that the above system of equations is always consistent. 15
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